In-office tooth bleaching with 38% hydrogen peroxide promotes moderate/severe pulp inflammation and production of ll-1β, TNF-β, GPX, FGF-2 and osteocalcin in rats Objectives: To study the intensity of inflammatory infiltrate and production of interleukin-1β (ll-1β), tumor necrosis factor-β (TNF-β), fibroblast growth factor-2 (FGF-2), glutathione peroxidase (GPX), and osteocalcin in response to in-office tooth bleaching in rats. Material and Methods: Twenty male Wistar rats were randomized into four groups (n=5) according to the received treatment (tooth bleaching or no treatment -control) and the period of euthanasia after treatment (24 h or 10 days). We performed tooth bleaching using a 38% hydrogen peroxide gel on maxillary and mandibular incisors. at two times (24 h and 10 days). There was strong staining for ll-1β, TNF-β, and GPX in bleached groups at 24 h and strong staining for ll-1β, TNF-β, GPX and FGF-2 at 10 days. After 10 days of tooth bleaching, the bleached group showed a statistically superior amount of osteocalcin than the other groups (p<0.01). Conclusions: Tooth bleaching with 38% hydrogen peroxide causes severe pulp inflammation, but characteristics of tissue repair after 10 days.
Introduction
Tooth bleaching has been widely used to correct tooth discoloration and thus producing a pleasing smile, since it is an effective and conservative approach to whiten stained teeth 12 . In-office or athome tooth bleaching approaches may be performed by dental professionals 12 . In-office bleaching requires the application of highly concentrated hydrogen peroxide (HP) on dental enamel, being a practical alternative to at-home bleaching treatment, with severe discoloration, poor patient compliance, and rapid results 15 . This method has been around for many years and remains popular because results can be seen after one appointment 23 . However, in-office tooth bleaching may lead to side effects on dental tissues, such as pulp inflammation 5, 26 . HP can penetrate the pulp chamber, leading to reversible inflammatory reactions in the pulp tissues because of chemical irritation 12 .
In-office tooth bleaching can lead to an increase of inflammatory cells, macrophage migration, some necrotic areas, congested large caliber blood vessels, and collagen degradation in the pulp 12, 13, 26 , which may be transitory, since dental pulp is capable of self-repair 17 . However, pro-and anti-inflammatory cytokines or chemical substances produced by the dental pulp in response to in-office tooth bleaching
are not well-established in the literature; therefore, further understanding of bleaching-mediated pulp inflammation and repair processes is required.
Cytokines such as interleukin-1β (ll-1β) and tumor necrosis factor-β (TNF-β) are produced in dental pulpitis 11, 18, 22 . In contrast, fibroblast growth factor-2 (FGF-2) 19 , osteocalcin 1 , and glutathione peroxidase (GPX) enzymes are related to repair, regeneration, and antioxidant defense phenomena in dental pulp 2, 10 .
However, the production of these substances in dental pulp in response to in-office tooth bleaching is still unknown.
Tooth-bleaching procedure causes an inflammatory response, and our study aimed to analyze the intensity of the inflammatory process and the production of ll-1β, TNF-β, FGF-2, GPX and osteocalcin in tooth pulp after bleaching with 38% HP. The hypotheses were: (1) there will be a severe inflammatory process; and (2) production of ll-1β, TNF-β, FGF-2, GPX and osteocalcin. The sample size was based on previous studies 6, 9 .
Twenty Wistar rats were randomly divided into four groups according to treatment (tooth bleaching and no bleaching -control) and euthanasia period (24 h after tooth bleaching and 10 days after tooth bleaching).
The upper and lower incisors of each animal were used for the same group, resulting in 80 analyzed teeth (n=20 per group). The animals in the two bleached groups (BG) received a bleaching procedure and were euthanized at different times (24 h and 10 days) after the last session. Animals from the two control groups (CG) were anesthetized, but tooth bleaching was not performed, and they were euthanized 24 h and 10 days after anesthesia, respectively. 
Results

Histopathologic analyses
The control groups at 24 h (CG 24h) and 10 days (CG Confocal immunofluorescence Increased osteocalcin production in the tissue 10 days after the clinical procedure is shown in Figure 3 by the stronger and diffuse green marking (Osteocalcin).
A statistically higher value was found for the BG at 10 days compared with the BG at 24 h and the control group at 10 days (p<0.01) ( Table 1 ). 
Discussion
Contact of hydrogen peroxide with the dental enamel causes mineral loss, thus increasing its porosity, which increases diffusion of the bleaching agent into deeper areas of dentin and pulp tissue 20 . By histologic examination, some studies have reported that depending on the type of pulp irritability and potency, minor alterations such as reversible inflammatory reactions or even tissue degeneration may occur 3, 21, 25 . The presence of lymphocytes is common in these cases, characterizing the inflammatory process 8, 21 . This was confirmed in our study because an inflammatory infiltrate with predominance of lymphocytes and the presence of necrotic areas were observed in the bleached group at 24 h. The bleached group at 10 days presented a greater number of lymphocytes, characterizing a chronic inflammatory process and necrosis. In both groups (bleached 24 h and 10 days groups), the predominant score was 3 (medium), i.e. moderate inflammatory infiltrate and a score of 4 with presence of necrosis areas. Therefore, our hypothesis that there would be a severe inflammatory process after bleaching with 38% HP was confirmed after 10 days of tooth bleaching. In fact, the presence of necrosis is characteristic of severe damage 6 . The necrosis process reduces cell viability, leading to cell death. This specific type of cell death causes intense damage in vivo because high amounts of intracellular components (including enzymes) are released, causing irreversible damage to cells 21 .
Previous in vivo studies showed pulpal responses to a single bleaching process ranging from a mild inflammatory reaction to acute inflammation, or even partial necrosis of the coronal pulp tissue 9, 21 . In addition, there is evidence that repetitive bleaching with 35% HP may lead to morphologic and specific elemental changes and decrease the calcium ion concentration 6, 20 . By using scanning electron microscopy, we observed significant changes in the prismatic structure of enamel after consecutive applications of HP 6, 20 . For this reason, we performed two bleaching sessions with a 7-day interval between them, and each session consisted of two 15-min applications of 38% HP; a common situation in clinical practice. The manufacturer of the product suggests an interval of 3 to 5 days between sessions. In our study, moderate and intense inflammatory infiltrate and necrotic areas were present in the pulp even 10 days after the last session, so we can suggest that this interval between sessions is insufficient for an effective pulp response, and that this may increase the damage to the pulp.
The presence of healthy pulp in teeth after a bleaching procedure in some studies 7, 9 can be explained by the analysis time of the dental elements after the last bleaching session. In our study, we evaluated the teeth after 24 h and after 10 days, respectively. In the second group (after 10 days), cells which are characteristic of the chronic inflammatory process and angiogenesis were observed, and were associated with reactivity to ll-1β, TNF-β, FGF-2 and osteocalcin. This fact suggests that 10 days after the last bleaching session there was inflammation, tissue repair and antioxidant defense because of cell exposure to oxygen from the degradation of HP.
Therefore, some cell responses were only evident after the procedure.
In our study, there was immunoreactivity to GPX, which also acts as an antioxidant in defense of Since hydrogen peroxide remains trapped in dental structures even after the gel is removed from the enamel 4 , oxygen ions can activate the production of GPX, which was present in the pulp after 10 days of bleaching.
ll-1β is a proinflammatory cytokine and is highly produced in structural cells from pulp tissue such as fibroblasts, odontoblasts, and mesenchymal stem cells, along with immune cells when they are exposed to bacterial and dental materials 8, 21 . TNF-β is a product of activated leukocytes and is another proinflammatory mediator. It is commonly produced in the inflamed dental pulp, with a significant increase in reversible stages of pulp inflammation 1, 16 . Both are powerful modulators of bone resorption and inhibitors of collagen production 16 . Depending on the concentration of ll-1β in the pulp, this cytokine may either have a regenerative or degenerative effect on tissue 21 . There is evidence that bleaching with HP increases collagen degradation in dentin and even in gastric mucosa 14, 15, 24 .
In addition, important changes in the prismatic structure and biochemical properties of the enamel have been previously observed, such as the loss of carbonate and proteins from the enamel and dentin along with an increase in proteolytic activity and a reduction of collagen 4, 20 . Accordingly, this may increase the diffusion channels and tissue permeability, thus enhancing pulp damage 6 . In our study, both cytokines abovementioned were produced in the bleached groups. Immunohistochemistry studies suggest that odontoblasts are not only capable of initiating the immune response of the pulp to invasive bacteria by increasing the production of ll-1β (for example), but also limiting its intensity 8, 21 . Odontoblasts produce osteocalcin, which induced a pattern of healing similar to that of FGF-2 in an in vivo model of angiogenesis, and played a role in the regulation of dental pulp repair in reversible pulpitis 1 . In our study, we observe the presence of osteocalcin in the periphery of the inflamed pulp tissue with confocal photomicrography in the bleached group at 24 h because it is a marker of odontoblast differentiation 1, 21 . In the bleached group at 10 days, the reactivity to osteocalcin was significantly higher in comparison with the other groups; this leads FGF-2 is also an angiogenic marker with similar action to osteocalcin, being fundamental for pulp repair in response to injury, and plays an important role in mineralization 1, 19 . Like osteocalcin, the production of FGF-2 is increased in pulp with a reversible inflammatory process, which in turn leads to a higher occurrence of fibrosis and calcification . There is also evidence of coagulation necrosis occurring in the coronal pulp, and deposition of reactive dentin in the radicular pulp of bleached incisors with irreversible damage, and to the detriment of any reaction to the same procedure in premolars which have thicker enamel and dentin 7, 9 . This clarifies the situation, because the intensity of the pulp response is inversely related to the enamel and dentin thickness; important structures in the protection of the pulp tissue against toxic products released from dental materials 4, 25 .
Conclusion
Tooth bleaching with 38% HP in rats causes moderate pulp inflammation after 24 h, and severe inflammation with necrotic areas after 10 days.
However, there was the presence of markers that are related to pulp tissue repair.
